A new method of determining pulmonary-to-systemic flow ratios (Qp/Qs) in patients with left-to-right shunts using radionuclide angiocardiography is described. It involves the analysis of pulmonary time-activity histograms using a gamma-variate model. It appears to be simple, relatively atraumatic, and superior to the methods using C2/C1 ratios because, in addition to accurately detecting the presence of left-to-right shunts, it permits precise quantitation. In the 35 patients studied, it was found that Qp/Qs < 1.2 could be separated from Qp/Qs > 1.2 and that when the Qp/Qs is between 1.2 and <3 the shunts could be accurately quantified. A new nontraumatic technic of quantifying leftto-right shunts is described. This method consists of intravenous injection of a radionuclide with external detection by a gamma camera. Pulmonary timeactivity histograms are generated and the analysis is done using a computer program based on a leastsquares fit to a gamma variate which directly generates a pulmonary-systemic flow ratio.20' 24
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Radionuclide angiocardiography ALTHOUGH detection of left-to-right shunts using nontraumatic technics may be possible, accurate quantitation of left-to-right shunts requires cardiac catheterization with oximetry or dyedilution methods. The technics for detection used in the past included intravenous dye injection with arterial or capillary sampling and analysis of the resulting curves,14 and intravenous injection of radionuclides with analysis of precordial or pulmonary time-activity histograms. ' 19 None of these technics permitted quantitation.
A new nontraumatic technic of quantifying leftto-right shunts is described. This method consists of intravenous injection of a radionuclide with external detection by a gamma camera. Pulmonary timeactivity histograms are generated and the analysis is done using a computer program based on a leastsquares fit to a gamma variate which directly generates a pulmonary-systemic flow ratio. 20' 24 Materials and Methods Thirty-five patients whose diagnosis was established by previous cardiac catheterization were studied. They ranged in age from 4 months to 21 years. Among 13 without left-to-right shunts, 10 had pulmonic stenosis with pressure gradients ranging from 10 to 100 mm/Hg, and three had aortic stenosis with gradients ranging from 10 to 80 mm/Hg. Twenty-two patients had left-to-right shunts with pulmonary-to-systemic flow ratios ranging from 1.05 to 3.0 as determined by oximetry data.
A gamma scintillation camera* with a 15,000 parallel-hole collimator 2.5-cm deep was used.t The data from the camera were recorded on a magnetic tape system, in a 256 x 256 matrix format which permitted quantitative analysis.t The system was interfaced to a small on-line digital computer system. § This computer can acquire and store information on a 64 x 64 matrix directly from the gamma camera or from the video tape system. The data stored can be analyzed off-line.
All patients were prepared for the study with sodium or potassium perchlorate in a dose of 6 mg/kg of body weight 32 hour before the study. An intravenous line was established in a peripheral vein, usually hand or arm, using a short-tube intravenous set with a 21-or 23-gauge needle. The patient was supine with the gamma camera above the chest. Accurate positioning was achieved by placing radioactive markers over the xyphoid and the suprasternal notch and insuring that these were centered in the gamma-camera field. The respirations of the patient were monitored to insure that *Nuclear Chicago HP Pho Gamma scintillation camera.
tNuclear Chicago "high-sensitivity" collimator. program was again automatically discontinued and the Qp/Qs was assumed to be greater than 3 (fig. 4) .
In addition to the Qp/Qs, a modified C2/C1 ratio was obtained. This was defined in the following manner: C1 was the highest activity level on the first derived histogram; T1 was the interval from that point which was 10% of C1 on the upslope to C1; T2 was equal to T1 and originated at the peak; and C2 was the activity at time T2 on the downslope (fig. 4) .
Results
The results for all patients are tabulated in table 1 and figure 5. Of the 13 normals by oximetry data, 10 were normal by this technic as well, and three others showed Qp/Qs of less than 1.12 The previous analysis of radionuclide pulmonary dilution curves utilized the C2/C1 ratio,5 with Cl, peak activity, Ti, the time from first appearance of isotope to the peak, T2, a distance equal to T1 from the peak and on the downslope, and C2, the activity time T2 (fig. 4) . The criteria used to select the time of first appearance of the indicator and the time of peak activity were unclear. The determination of these points is critical in obtaining reproducible C2/Cl ratios, and the variation gave rise to the variation in limits used to distinguish normal from left-to-right shunts. 13' 17-19 Because of these limitations, we have chosen the automatic method described. It was used to determine C2/C1 ratios and gave reproducible results. Despite these attempts at uniformity, the data in our experience were in disagreement with those above and suggested that C2/Cl ratios could not be used to distinguish or quantitate shunts.25 26 Since only those studies in which an intact bolus was delivered were included in this study, a double bolus cannot be the reason for the discrepancy between our data and those of others. Rather, the reason is probably the different "normal" population studied. In previous works,13' 17-19 the normal groups consisted of patients who were normal from the cardiac standpoint and who usually did not undergo cardiac catheterization. All of the normal population in this paper had cardiac catheterization and intracardiac defects without shunts, including pulmonic stenosis, aortic stenosis, pulmonic regurgitation, and congestive heart failure. With any one of these defects, the C2/C1 may be high. Similarly, if left-to-right shunts and the above defects coexist, the C2/Cl may be higher than would otherwise be Qp/ Qs by our technic was 1.0. It is our hypothesis that in severe pulmonic stenosis the right ventricular ejection fraction is decreased.
In this study, the patients were not sedated and only an intravenous infusion set was used. Because of this, two sources of error appeared. These were: (a) the nonuniformity of the bolus reaching the heart and (b) crying or irregular respirations. The first could create double or multiple peaks or an extremely prolonged curve. The second could create irregular variation in activity over the lung due to changes in pulmonary blood volume caused by sudden and irregular changes in intrathoracic pressure. If either of these errors was large, the studies were deleted. However, it is probable that when either of these was present, no obvious errors in Qp/Qs ratios were produced. It seems that elimation of these errors and increase in accuracy can be obtained by the routine use of sedation and an indwelling venous catheter.
The analysis of the curves depends on the assumption that the partition of the flow to the lungs from the right ventricle is not altered during recirculation. This assumption does not hold in patients with patent ductus arteriosus, and different shunt ratios may be calculated over each lung .19 This may reflect the true hemodynamics. Perhaps these data can be compared to the total shunt by oximetry data to yield greater understanding on this condition.
Although the method described was developed using a gamma camera and an on-line computer, similar results could be obtained more simply. For example, data from a single probe over one lung connected to a scaler and a buffered digital printer could be fed into any digital computer for analysis. 
